The synthetic utility of the sterically hindered base, 4-hydroxy-2,2,6,6-tetramethylpiperidine (1) as a hydrogen halide acceptor was studied.
propylaniline [6] , and 1,2,2,6,6-pentamethylpiperidine (PMP) [1, 2, 6] have been utilized in the exhaustive alkylation reactions of primary amines. The organic bases are superior to inorganic bases, such as, sodium hydroxide due to the ease of separation of by-products and lack of complicated side reactions under the milder reaction conditions. Sommer et al. [6] have shown that, in order to be an effective hydrogen halide acceptor, the base which is utilized should fulfill four criteria. 1) In order to attain homogeneous reaction conditions, the organic base should have solubility characteristics similar to those of the primary amines and the alkylating agents.
2) It must possess a pKa larger than the reacting amines, in order to combine preferentially with the hydrogen halide released.
3) The alkylation of the base should proceed at a rate significantly slower than that of the amines to be quaternized.
4) The by-product hydrohalide salt of the organic base must be readily separable from the quaternary ammonium product. Now we wish to report that the sterically hindered 4-hydroxy-2,2,6,6-tetramethylpiperidine (1), with its pKa of 10.05 [7] is a readily available, stable, inexpensive and effective hydrogen halide acceptor in the quaternization reaction of primary aliphatic and aromatic amines [8] . The hydroxypiperidine 1 is prepared via the sodium borohydride reduction of triacetoneamine (4-oxo-2,2,6,6-tetramethylpiper- • RNH2  • 3 CH3I  -OME  •  2  H3C4D;CH3  •  RNCH3) X-(x= n 1 idine) [9] . The latter compound, in turn, is prepared by the condensation of acetone with ammonia in the presence of anhydrous calcium chloride [10] [11] [12] . Because of the solubility characteristics of the products and by-products (see Experimental), the quaternary ammonium iodides 2 can be easily separated from the by-product, 4-hydroxy-2,2,6,6-tetramethylpiperidinium hydrogen iodide (3). The products 2 were obtained in 88-89% yield after twenty hours at room temperature in dimethylformamide (DMF) as solvent. Although the reaction of the amines with methyl iodide in the presence of 1 is exothermic, the reaction mixture was left to stand overnight in order to insure complete reaction and/or allow for total precipitation of product(s). Blank reactions, i. e., alkylation of the amines in dimethylformamide in the absence of base 1 were also made, in order to study the effectiveness of base 1. In the case of w-butylamine, aniline, 2-methyl-2-aminopropanol, and propanolamine, the yields of quaternary ammonium iodides 2 were low, i. e., 10-14%. However, in the case of 35-aminobenzoic acid and m-nitroaniline, in the absence of base 1, after twenty hours in dimethylformamide, the yield of 3 was 50% and 40%, respectively. Although substantial, the yields were nevertheless lower than in the presence of base 1. The yield of the quaternary ammonium iodide of m-nitroaniline increased to 83% on prolonging the reaction time to three days. It appears that, in the case of very weak bases, i. e., the pK of p-aminobenzoic acid is 2.36 [13] and the pK of m-nitroaniline is 2.6 [13], dimethylformamide, the solvent, acts as the acceptor of the hydrogen iodide. This action on the part of dimethylformamide is not without precedent, since it was noted [14] that solutions of alkyl halides in DMF undergo slow but significant dehydrohalogenation on standing at room temperature. The results of the quaternization reactions of primär}*-amines with methyl iodide in dimethylformamide in the presence and absence of base 1 are listed in Table I .
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B. Dehydrohalogenation of Alkyl Bromides [8] Recently, considerable interest has been shown in the utilization of sterically hindered bases in the synthesis of alkenes via the corresponding alkyl halides [1, 2, 5, 6, 20] . The bicyclic bases, 1,5-diazabicyclo[4,3,0]non-5-ene (DBN) and 1,8-diazabicyclo(5,4,0)undec-7-ene (DBU) [21, 22] initially became known as dehydrohalogenating agents, i. e., hydrogen halide acceptors, in the syntheses of vitamin A. Subsequently, these bases have been applied to condensation reactions, rearrangements, and as catalysts in the synthesis of macromolecules [20] . In view of the utility of 4-hydroxy-2,2,6,6-tetramethylpiperidine (1) as a hydrogen halide acceptor in the exhaustive methylation reaction of primary amines, we attempted to apply 1 also as a dehydrohalogenating agent for the conversion of alkyl halides to alkenes. Now we wish to report that sterically hindered amine 1 can be effectively used as a dehydrohalogenating agent for the conversion of allylic (3-bromocyclohexene), primary (1-bromoheptane, 1-bromooctane), and secondary (cyclohexylbromide) alkyl bromides to the corresponding olefins. Di- methyl sulfoxide (DMSO) was used for the reactions, which were rapid, i. e., complete within four hours at elevated temperatures. In the same period of time, dimethylformamide was a much less effective solvent, since only a trace amount of olefin was formed, as determined by gas chromatography. The olefins were obtained in 82-95% yield following isolation by distillation from the reaction mixture. Also formed as by-product in the reaction was the hydrobromide of I (3, X = Br) in nearly quantitative yield. The results of these reactions are listed in Table II .
Experimental
Materials:
All reagents were of the best quality commercially available. 4-Hydroxy-2,2,6,6-tetramethylpi peri dine (1) was prepared by the sodium borohydride reduction reaction [9] of triacetoneamine [10] [11] [12] . Dimethylformamide and dimethyl sulfoxide were dried over a molecular sieve (Linde 4 Ä). 
Reaction of amines with methyl iodide in the absence of 4-hydroxy-2,2,6,6-tetramethylpiperidine (1). Blank Reaction
General procedure: A solution of the amine (0.01 mol) and methyl iodide (5.68 g, 0.04 mol) in dimethylformamide (20 ml) was left to stand at room temperature for 24 h. The mixture was concentrated on a rotating evaporator at 25-30 °C/ 0.2-0.5 torr. Acetone and diethyl ether were added to induce precipitation of the quaternary ammonium compounds 2 listed in Table I . 
Preparation of n-butyl trimethylammonium iodide (2, R = n-C^Hy)
To a suspension of 1 (3.14 g, 0.02 mol) and nbutylamine (0.73 g, 0.01 mol) in dimethylformamide (20 ml) was added slowly with shaking and cooling the methyl iodide (5.68 g, 0.04 mol). During the addition, the reaction mixture became homogeneous. On cooling, a solid separated and after 20 h at room temperature, the mixture was filtered. The solid was washed with acetone to give 3 (X = I; 2.04 g). The combined filtrates were concentrated on a rotating evaporator at 30 °C/0.2-0.5 torr, and the remaining crude solid was boiled in acetone and filtered to give an additional amount of 3 (X = I; 3.23 g). The total yield of 3 was 93% (5.27 g; m.p. 281-282 °C). The acetone filtrate was concentrated on a rotating evaporator at 25 
Preparation of the trimethylammonium iodide of 2-amino-2-methyl-l-propanol [(1,1-dimethyl-2-hydroxyethyl) trimethylammonium iodide] (2,R = C(CH3)2CH2OH)
To a suspension of 1 (3.14 g, 0.02 mol) and 2-amino-2-methyl-l-propanol (0.89 g, 0.01 mol) in dimethylformamide (10 ml) was added slowly with shaking and cooling the methyl iodide (5.68 g, 0.04 mol). The reaction mixture did not become homogeneous. After 20 h at room temperature, the reaction mixture was filtered to give a solid. The solid was washed with a small amount of cold acetone to give 2 (R = C(CH3)2CH2OH; 2.37 g, 92%) m.p. 240 °C. The combined filtrates were concentrated on a rotating evaporator at 25-30 °C/ 0.2-0.5 torr. The remaining solid was washed with acetone to give 3 (X = I; 5.28 g, 93%), m.p. 279 to 281 °C.
Preparation of (2-hydroxyethyl) trimethylammonium iodide (2, R = CH2CH2OH)
To a suspension of 1 (3.14 g, 0.02 mol) and 2-aminoethanol (0.61 g, 0.01 mol) in dimethylformamide (10 ml) was added rapidly with shaking the methyl iodide (5.68 g, 0.04 mol). The reaction mixture was left, with occasional shaking, at room temperature for 24 h. A homogeneous solution resulted, followed by precipitation of a small amount of crystalline material. The reaction mixture was concentrated on a rotating evaporator at 25-30 °C/ 0.2-0.5 torr. The solid was boiled in acetone and the mixture filtered to give 3 (X = I; 5.38 g, 94%), m.p. 280-282 °C. The filtrate was concentrated on a rotating evaporator at 25-30 °C/10-15 torr. The remaining solid was washed with ether, then recrystallized from acetone/ether to give 2 (R = CH2CH2OH; 2.10 g, 91%), m.p. 265 °C; lit.
[15] m.p. 266 °C.
Preparation of phenyl trimethylammonium iodide (2,i? = C6#5)
To a suspension of 1 (3.14 g, 0.02 mol) and aniline (0.93 g, 0.01 mol) in dimethylformamide (20 ml) was added slowly with shaking and cooling the methyl iodide (5.68 g, 0.04 mol). During the addition, the reaction mixture became homogeneous, and then heterogeneous once again. Following the addition, the reaction mixture was left to stand at room temperature for 20 h. The mixture was filtered to give a solid. The solid was washed with acetone to give 3 (X = I; 1.12 g). The combined filtrates were concentrated on a rotating evaporator at 25-30 °C/0.2-0.5 torr. Acetone was added to the remaining solid, and the mixture was filtered to give additional 3 (X = I; 4.56 g). The total yield of 3 was 99% (5.68g; m.p. 282-283 °C). The filtrate was concentrated on a rotating evaporator at 25 °C/ 10-15 torr to give crude 2 (R = C6H5). The solid was washed with ether and cold acetone to give 2.35 g (90%) of 2 (R = C6H5), m.p. 227-228 °C; lit. [16, 17] m.p. 228 °C.
Preparation of 4-carboxyphenyl trimethylammonium iodide (2, R = 4-COOH-C^H4)
To a suspension of 1 (3.14 g, 0.02 mol) and paminobenzoic acid (1.37 g, 0.01 mol) in dimethylformamide (15 ml) was added rapidly with shaking the methyl iodide 
Preparation of 3-nitrophenyl trimethylammonium iodide (2, R = 3-NO^C6H4)
To a suspension of 1 (3.14 g, 0.02 mol) and 3-nitroaniline (1.38 g, 0.01 mol) in dimethylformamide (15 ml) was added rapidly with shaking the methyl iodide (5.68 g, 0.04 mol). Following the addition, the reaction mixture was left, with occasional shaking, at room temperature for 20 h. The mixture eventually became homogeneous, then heterogeneous once again. The mixture was concentrated on a rotating evaporator at 25-30 °C/0.2-0.5 torr. The remaining solid was boiled in acetone and the mixture filtered to give 2 (R = 3-N02-C6H4; 3.02 g, 98%), m.p. 207 °C; lit. [19] 
Dehydrobromination of alkyl bromides in DMSO in the presence of 4-hydroxy-2,2,6,6-tetramethylpiperidine 1). Preparation of alkenes
General procedure: A mixture of alkyl bromide (0.1 mol) and 1 (15.7 g, 0.1 mol) in dimethylsulfoxide (50 ml) was boiled with reflux for 4 h in a flask fitted with a condenser cooled by a mixture of dry ice and isopropyl alcohol. Dining this time, the reaction mixture became homogeneous, then heterogeneous once again. The mixture was allowed to cool, then the flask was fitted with a distillation setup. Heating was resumed, and the alkenes listed in Table II were collected in a receiver chilled by a dry ice/isopropyl alcohol bath. The products were checked by gas chromatography for purity and for authenticity by comparison of retention times with commercial samples. All alkenes obtained in this manner were found to be pure, i.e., giving a single peak by gas chromatography.
The pot residue was concentrated on a rotating evaporator at 25-30 °C/0.2-0.5 torr. The remaining solid was treated with acetone and ether, and the mixture filtered to give the hydrobromide 3 (X = Br) in the yields indicated in Table II .
Dehydrobromination
of cyclohexyl bromide in DMF in the presence of 4-hydroxy-2,2,6,6-tetramethylpiperidine (1) As described in the general procedure, a mixture of cyclohexyl bromide (16.3 g, 0.1 mol) and 1 (15.7 g, 0.01 mol) in dimethylformamide (50 ml) was refluxed for 4 h, then allowed to cool. Gas chromatographic analysis of the reaction mixture indicated that only trace amounts of cyclohexene had formed during this time.
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